MR. PRESIDENT, ladies and gentlemen, I thank you very much for the great honour you have shown me in inviting me to give this address before your learned Society.
In seeking a subject I thought it might be interesting to you to hear something about the physical phenomena which occur in the semicircular canals under stimulation, research work with which I have been connected for some years past.'
If you consider the whole course of a reflex on the skeletal muscles, or the inner sensations connected with such a stimulation, it is not always very easy to say what portion is referable to the physical phenomena and what to nervous agencies in the central or other parts of the nervous system. Allow me to explain this statement by two opposite examples, one of the phenomena connected with rotation, the other with thermic stimulation. In fig. 12 the left-hand side represents the movement (Fischer, 1928) . Drehempfinding = Sensation of rotation. Drehnystagmus = Rotatory nystagmus. Nachnystagmus = Post-rotatory nystagmus.
during rotation on a turning platform and the sensation and the nystagmus combined therewith, whilst the right-hand side shows the similar phenomena on cessation of rotation. You see represented the well-known first sensation of being turned in the same direction as the platform, and following the cessation of rotation there occurs the opposite sensation, that of being turned in the opposite direction in which the platform was turning originally.
In addition, however, an accurate observer during rotation will be able to report (Fischer, 3 Wodak, Dodge) that he also obtains temporarily the sensation of moving in the opposite direction, followed by a recurrence, though less strong, of the initial sensation. This sequence of reversed sensationg may be recognizable some three times, and further alternating sensations, though reversed in character, may also be found to occur on analysis of the sensations following cessation of rotation as indicated in fig. 1 together with the nystagmus corresponding to these alternating phases. If it is asked-"Are these phenomena dependent on any physical action in the semicircular canals ? " we can reply for certain that only the first phase both during and after rotation can be so controlled. In these first stages we have the endolymph movement and that of the cupula, but we may be sure that the following reversed sensations and the associated nystagmus can have nothing to do with any mechanical phenomena in the semicircular canal. For there cannot be imagined any poss'ible mechanical system consisting of a viscous liquid in a semicircular canal and an elastic highly damped body (cupula) which would perform an oscillatory movement, that would come to an entire standstill and after a certain interval start again in the opposite sense. So we feel convinced that the second and following sensation of rotation and nystagmus must be of central origin, and be connected with a central agency in the nerve itself, the ganglion or the mid-brain, though w.do not know where, and of what nature it might be. This last statement will be at once accepted by all, but I now wish to demonstrate how an unexpected purely physical agency may account for the production of a phenomenon which at first sight it might be thought could only be explained biologically.
I refer to investigations made by Fischer, Wodak and Veits in Germany, on what they call " pulsion reflex s and the theoretical explanation I have given for its origin. They syringed both ears equally at the same time, and they then observed 8 The literature concerning this question as well as the whole problems of thel"regulating function" of the labyrinth will be founfin a very convenient form in the book of M. H. Fischer, "Die Regulationsfunktion des menschlichen Labyrinths und die Zusammenhiinge mit verwandten Funktionen," Miinchen, 1928. that the person had a tendency to fall either forwards or backwards. This " pulsion reflex " depends on the position of the head. In the " indifferent position," where the external canal is in the true horizontal plane, one gets no reflex, even if one uses a large quantity of water in the syringing. But if you tilt the head out of that position then these " pulsion reflexes " occur. In support of these remarks I show you an X-ray picture of a head (fig. 2) in which a recent mastoid operation had been performed with a piece of lead laid on the wall of the horizontal canal. Veits ' found in this patient that the " pulsion reflexes " ceased when he put the head in such a position that this piece of lead was horizontal. Fischer and Veits syringed during these investigations both ears with the head in the " indifferent position," and then after a time-which they varied in a series of experimentsthey altered the position of the head from the " indifferent position," when they noted the occurrence of the " pulsion reflex." They observed how long the reflex lasted, taking its duration as a measurement of its intensity ( fig. 3 ). Here you see the results of these observations both for syringing with hot or with cold water. The abscissa is proportional to the interval between the syringing and the altering of the position of the head, whereas the ordinates show the duration of the reflex. For instance, one minute after the syringing the investigators moved the head of the person out of the " indifferent position," and they obtained a reflex which lasted about from 1 to 5 minutes. The maximum duration of the reflex took place about 1 5 minutes after syringing. After that time the reflex became slighter and slighter, till in about 3x5 minutes zero was obtained. Now Fischer and Veits observed the most astonishing fact that after the reflex had disappeared it reappeared, but in the opposite sense; thus there was first a propulsion reflex and then a retropulsion reflex, that is to say, the person showed a tendency to fall first forwards and then backwards. These results were a surprise to the investigators, and they sought for the correct explanation. Now two years ago I happened to have published methods based on mathematical calculations and experimental research by which it was possible to determine the speed of the endolymph fluid in the external semicircular canal under the influence of heat or cold; and so Fischer wrote and asked me if I could determine for him the endolymph speed under the conditions of his experiments.
Here is the result (fig. 4 ). The endolymph speed is shown by the two curves on the left which I had determined according to the above-mentioned method, the first one on the supposition of a sudden (rectilinear) rise and sudden cessation of the temperature in the meatus externus, whereas the second curve (" Fall 2 ") represents the theoretical endolymph movement for an alteration of temperature in the meatus according to the curve which is represented on the right-hand upper corner of this chart. Fiir Standard-Spiilung 2 = For standardsyringing 2 the "pulsion reflex." The curves for the endolymph speed according to my calculations and the duration of the "pulsion reflex" as observed by Fischer and Veits are nearly parallel (and nearly coincide) with each other. The "pulsion reflexes" pass through the abscissa axis and become zero, and then begin to become negative at the end of 3i minutes at the same moment when the endolymph movement becomes inverse. From this it is obvious that the movement and speed of the endolymph are in conformity with the intensity of the "pulsion reflex." And thus in this case a physical basis had been found which completely accounts for a, reflex phenomenon without the necessity of relying on any nebulous "biological process."
Now I will show you something of the method by which it was possible to determine the movement of the endolymph in the semicircular canal. If you consider on a good anatomical preparation (fig. 5 ) the position of the postero-superior part of the meatus externus to the external semicircular canal you find that between these two points exists a bony connection (" Antrumschwelle ") through which the heat can flow from the meatus externus to the canal when the former has been syringed. I have shown this supposed path of the heat by an arrow in this Canal semicirc. horizont.
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Membr. tympani photograph. The theory of BArAny holds, as you know, that when the meatus is heated, the wave of heat, passing in, first affects that portion of the endolymph in immediate relation with the anterior wall of the semicircular canal, whilst in the posterior portion of the canal the endolymph as it remains colder is heavier, thus a movement of the endolymph results ( fig. 6 ) whereby the heavier part of the endolymph sinks down and the lighter one is raised. Now in 1923, Kobrak 5 communicated the results of experiments which showed that it was possible to get all the reflexes of the thermic stimulation by a minimum degree of syringing, that is to say, only 5 c.c. of water, and differences of temperature of no more than 5'. It was doubted, however, if such small variations in temperature were really able to affect the labyrinth in the sense of the theory of BArAny.
Therefore in 1924 I decided to find out by experiment whether that was true or not. I thought the only way to decide this question was to make, when syringing, delicate temperature measurements by means of thermo-couples attached on the wall of the semicircular canal. I first applied these experiments on the dead body, and then on living patients in the Clinic of Prof. Voss at Frankfurt. I constructed such an electrical thermometer with three junctions, which enabled us to measure the temperature at three different points of the body, and make comparisons of these readings. Here ( fig. 7) is the diagram of the electrical equipment and the arrangement of connections used in these experiments. I put the middle junction of the thermocouple in the patient's rectum, so as to get a standard of temperature; the first of them I put in the external meatus, and the third on the wall of the horizontal canal which lay free, in the wound cavity of a recent mastoid operation. This cavity was then closed with a dressing of cotton wool, so that there should not be any change of temperature induced from the outside. By manipulating the electrical switch RS between the branches of the thermo-couple and a very sensitive mirror galvanometer I could then get measurements either of the temperature of the outer ear or the wall of the canal, or I could determine directly the diserence of temperature between the semicircular canal and the external meatus. The results are shown in the following .5 F. Kobrak, Pas8Ow-Schafer'8 Beitraqe, 1923, xix, 321; id., 1924, xx, 1; id., Klin. Wochen8chr. 1924, iii, 195. figures. This curve ( fig. 8 ) shows the temperature in the meatus externus when it is heated. You see that the temperature rises very suddenly and then dies away according to a curve, which has the character of the " e " function. Fig. 9 different conditions, according to a long series of experiments. The upper curves show the change when "cold " is applied and the lower ones show the changes following heating. It will be seen that the points of the different single observations which are indicated thus o are situated very closely to the equalized curve. It appears from these diagrams that a difference of temperature of 330 against the temperature of the body applied to the meatus externus corresponds with a maximum drop of the temperature of the canal of only 0 * 350. The beginning and end of the nystagmus is indicated in the figure by NA and NE. The nystagmus sets in regularly after about 0* 2 to 0 3 minutes, but the nystagmus stands, generally, on a higher level of temperature than it started. Perhaps some nervous fatigue phenomena would account for this fact. Fig. 10 shows the changes in the temperature in the internal canal with "mass syringing," that is to say, syringing with large quantities of water, such as 1,000 c.c. of about 10. The temperature drops about 4 , then rises gradually and regularly. The lower curve corresponds with an experiment in which we first syringed with large quantities of water, and then with minimal syringings at 9, 12, 18, 22, 29 minutes. It will be noted that every new appearance of nystagmus is connected with a definite wave of temperature on the original curve. Then I made direct measurements of the differences of temperature between the meatus externus and Ende der Spiilung = End of syringing.
The syringing took place with 1,000 c.c. H20 of 290 below temperature of body.
the wall of the external semicircular canal. For these measurements the connections were arranged so that the electromotive forces of the two thermocouples G and B are in opposite directions. So they partly compensate each other and the galvanometer reading gives directly the' difference of temperature between the two junctions B and G, i.e., in our case the meatus externus and the semicircular canal. The results of these experiments are represented in fig. 11 . The difference of temperature between the meatus externus and the wall of the semicircular canal first rises, then falls. The experiment showed that in 3i minutes this difference of temperature becomes negative, that is to say, after this period the semicircular canal is warmer than the meatus externus. This accounts for the change of flow of heat already mentioned, so that the heat flows first inwards and then outwards. That furthermore is the reason for the change of direction of the movements of the endolymph, and evidently also for the change from propulsion reflex to retropulsion in the observations by Fischer and Veits. Now I wish to show you very briefly how it is possible to find theoretically, i.e., by numerical and graphical methods, the speed and the displacement of the endolymph in the semicircular canal when the change of the temperature in the meatus externus is given. The first task we have to fulfil for this purpose is to determine the change of the temperature in the centre of the canal under given external conditions. Then later on we will see how it is possible to find from this the speed and the displacement of the endolymph connected herewith.
The flow of heat in one direction of a homogeneous body (that the labyrinth bone is not exactly homogeneous is one of the deviations of actual conditions from the theoretical suppositions which we cannot account for) is ruled by the well-known differential equation:
Zeit FIG. 11.-Difference of temperature between meatus externus and semicircular canal (Schmaltz and Volger, 1924) . M = Difference of temperature of water against temperature of body. Temperaturaindernng Difference of temperature between meatus externus and semicircular canal.
where " O" is the temperature and " a " the thermal conductivity of the body. One integral of this equation is
This integral applies to the case, that the temperature at the end of a onedimensional continuous body drops suddenly from the value Oc to zero. This gives the temperature Ox as a function of the two variables x (distance from the beginning from the one-dimensional body) and the time t.
The numerical values of this integral can be found in tables and easily dealt with. They give us the curve of temperature as a function of time for any given distance from the source of heat, i.e., in our case the spot in the meatus externus where the syringing takes place. It is no use to insist upon the theoretical details. I will show you only the results for conditions which correspond with the actual value of the conductivity of heat of the temporal bone as I have determined it experimentally in my laboratory. Fig. 12 , Plate I, shows the temperature field which occurs in a temporal bone when at the crossing-point of the three co-ordinate axes the temperature is raised suddenly. The axis from the left to the right corresponds to the time, whereas the axis from backward to forward corresponds to the distance from the source of heat. You see that the curve of temperature in relation to the time which is in the plane of the source of heat, as we supposed, rectilinear, becomes flatter and flatter the farther away we go from the source of heat and changes its character nearly completely. By superposing, i.e., adding graphically small steps of rising or dropping temperature, it is possible to find the curve of temperature in the bone for any given distance from the source of heat and for any given character of the initial change of temperature in the plane of the source of heat. Fig. 13 , Plate I, gives an idea of this method. Fig. 14, Plate II, shows the change of temperature in two planes of different distance from the source of heat when there the temperature rises and then drops suddenly. If you consider the course of temperature in this plane which has a distance of 5 units from the source of heat, you have the red curve (Ox1); and if you go further away, on this blue plane, you get a temperature curve (8x2) which is flatter. After a certain time these two curves attain the same point, that is to say, there is, at this time, the same temperature in the red plane and in the blue plane. And afterwards the temperature of the blue plane, which is further away, becomes higher than in the red plane. This accounts for the change of flow of heat from the forward-backward to the backward-forward direction.
After having given an outline of a method by which to find the curves of temperature in any desired plane of the labyrinth bone for any given curve of temperature in the m3atus externus I propose to show briefly how it is possible to find from this the actual endolymph speed in the semicircular canal. Fig. 15 shows the theoretical deductions necessary to solve the problem. You see that the result is very simple. If we know the "gradient" of temperature, that is to say, the valueyd for the centre of the semicircular canal for any given moment (and our described method above enables us to do so by differentiating the integral Ox -(I(x, t) after x) the product of this quantity by the coefficient e gives us the velocity of the endolymph. The coefficient t contains the following quantities: the density of the endolymph fluid, its coefficienlt of thermal dilatation, its coefficient of viscosity and the geometrical measurements of the semicircular canal. Figs. 16 and 17 show the results of the adaptation of this theoretical method to the experimental determination of the temperature in the inner and outer ear as I have shown previously. On the first diagram the upper curve shows the temperature on the wall of the semicircular canal after syringing according to three of my experiments. The second line below shows the speed of the endolymph connected herewith as it was found by the method described above. The third line below shows the displacement of the endolymph. This curve is evidently the integral curve of the curve in the middle of our chart giving the speed as function of the time. The speed of the entdolymph has its maximum after 1j minutes, and attains the small quantity of 20 10-r cm./sec. The total displacement of the endolymph after four minutes when the speed has become nearly zero is about 35 10'4 cm. (35 p). The curves correspond to changes of the temperature in the meatus externus of about 120 against the temperature of the body. Gesch. = Velocity. Weg = Displacement. Fig. 17 shows the same data for the so-called mass syringing. So much about caloric stimulation. Now I will tell you something of the theory of the rotatory test. You know the classic conception of Mach, which I think still holds good. He says that when you rotate the canal, either around its centre, or (which is, as far as the movement of the endolymph in a rigid canal is concerned, the same) around an eccentric axis, then during the period of accelerationi the endolymph remains by force of inertia behind the movement; and when the movement stops the endolymph goes forward again. You can see this movement on this model which I turn during the starting and stopping [demonstration] . And there can be observed Geschw. = Velocity.
the interesting fact that you get the same movement of the wheel in comparison to the plane which holds the axis whether you turn on a small or on a big radius. This is a fact which took much room in the older literature, and was often doubted by authors not acquainted with the well-known facts of kinematics. The centrifugal force has no effect on the movement of the endolymph as long as we consider the walls of the membranous canal as rigid. For exact work, of course, we are not allowed to make this supposition. As a matter of fact Lorente de N6 has found certain features of the reflexes upon rotation which can only be understood as the effect of centrifugal forces upon the liquid contents of the labyrinth.7 6 The author demonstrated to the audience a model consisting of a symmetrically built wheel of about 3 in. in diameter, mounted on a very fine axis, and to which was attached a very light indicator. 7 Ergebnisse der Physiol., 1931, xxxii, Lorente de Nd, " Ausgewahlte Kapitel aus der vergleichenden Physiologie des Labyrinths," see cap. 6: "Die Reflexe infolge der Wirkung der Zentrifugalkraft", cap. 7: " Ueber die dritte Drehreaktion." Fig. 18 gives a short outline of the theory of endolymph movement when the semicircular canal is rotated. The main idea is this: In the case of a body being accelerated, its mass, multiplied by the acceleration, equals the outer force which is acting on the body, in our case the force of the friction. This latter equals the coefficient of friction, multiplied by the speed itself. This is the fundamental equation (1) by which this figuring is done. With integration of this differential equation very simple results are given. During acceleration the relative speed of the endolymph is proportional to the acceleration of the canal and the quantity q This quantity contains, as the equation (4) shows, the dimensions of the canal the density and the viscosity of the endolymph. The speed of the endolymph rises very quickly to its maximum. The ratio of this rising of the endolymph speed depends according to equation (1) only from the term (1-eq) and therefore is independent of the acceleration of the canal. Detem*wotn oferwolp# rovemed tnonnu/or channel rgaccleiafion. Fig. 19 shows this phenomenon more clearly. The relative speed of the endolymph rises according to the term (1-e') very quickly and attains its maximum already in about 0*02 sec. Then it becomes constant until the acceleration of the canal has come to its end, that is to say until the speed of the canal has become constant. Then the speed of the endolymph against the canal dies away according to the same law by which it had risen. It is zero about one-fiftieth of a second after the acceleration has come to an end. Then the endolymph remains unmoved relative to the canal and rotates with the same absolute speed as the canal itself until the canal stops. Then during the deceleration period the movement of the endolymph in the canal takes place in the opposite sense.
The displacement of the endolymph (curve S) becomes straight after one-fiftieth of a second, then it rises until the acceleration period is finished and the speed has died away, and then the displacement becomes constant, that is to say, the endolymph when it has been displaced in the canal stops in its new position. During the deceleration (stopping) period the liquid is displaced in just the opposite way independently from the time during which the movement comes to an end. The result is that however the canal may be started or stopped the liquid contained in it is found at the same place as before when the movement has come to an end. Fig. 20 (plate II) gives an idea of the movement of the canal and the endolymph under the conditions of an ordinary clinical rotation test. In drawing this diagram it was supposed that the movement of the platform was started very slowly within an angle of about 700, that the rotation was then continued with constant speed during 30 secs., and that the platform was then stopped very suddenly within an angle of about 70. The first curve from above shows the speed of the platform, the second the displacement of same,8 the third shows the relative speed of the endolymph and the fourth the displacement of the endolymph in the canal.
The speed of the endolymph under the above-mentioned conditions attains the value of 0OQi0-4 cm./secs. The two methods for the determination of the endolymph movement during the ordinary rotatory test, conditions which I have described hefore, and the caloric test (10 c.c. water of about 100), and it is interesting to compare these two results (fig. 21) . The endolymph speed is lower in the caloric test tban in the rotatory test, hut it lasts much longer. It is aJstonishing that these two kinds of stimulation give reflexes so nearly aUlike, and that shows on what a broad scale the labyrinth reacts to stimulations.
The same applies to the eye, as you know.
It is very difficult to say what happens in the ampulla during the movement of the endolymph. Up to the present it has been considered that the cupula had 8 In preparing this figre an error of the draughtsman has, unfortunately, been overlooked by the author. The 2nd curve gives the displacement of the canal during the period of constant rotation (30 secs.) as constant, whereas evidently this displacement increases linearly from the point 800-0-3 secs. up to the point 800-10-3 secs. + 30 secs. (end of the constant rotation) and then drops according to the parabolic law. The other curves are correct. a rather strong directional force, that means a determined frequency of oscillation, but that is not so. Steinhausen, in Greifswald, was able to prepare the ampulla of a pike so that it was possible to observe the cupula a very short time after the death of the animal, and to see what happens with it on rotation or even caloric stimulation.9 Steinhausen has shown to me in his laboratory under the microscope that when the canal is rotated, a very quick deviation of the cupula occurs, which is of the character of the movement of the endolymph as shown in the equation I have given. On heating the Ringer solution in which the preparation of the fish was contained at a definite spot by means of a thermocauter, Steinhausen got deviations of the cupula which lasted some minutes, and then very slowly disappeared. I am gladl to find that Steinhausen's work corresponds with mine as regards the caloric and rotatory tests. I show you here a photograph of a preparation of a pike's cupula made by Steinhausen ( fig. 22 ). ,peed of endolymph and rate of stinulation occjring at diferent tests of labyrinth. Fig. 23 may be of interest as giving a comparative record of the speed of the endolymph in connection with the different experiments and observations on the rotatory test as described in literature, and based on the equation already given ruling this speed.10 One sees from this table that not only the speed of the endolymph varies to a great extent, but that under the conditions under which the different investigators have worked, the time (T) during which the flow of the endolymph was stimulating the end-organ was also varying within wide limits.
Let us take, for instance, a normal clinical test, in which the turning platform is turned with the speed of 1800/sec. and then is stopped within an angle of 7O.
In this case the endolymph speed will attain a maximal value of 50000. 10-6 cm./sec. The time during which the flow of the endolymph is acting will be in this case only 0x078 sec. In another case which took place in the work of Dodge, who experimented with a very slowly turning chair, we find endolymph speeds of only 48@5 * 10-6 cm./sec., but which acted during 13 3 secs. The question arises, which will be the appropriate expression for the amount of stimulation of the endorgan considering the speed of the endolymph and the time during which it is acting. The simplest hypothesis we might make would be, that slow speed acting during long time would have the same effect as high speed acting during a short time. This would mean that the term V.T would be a correct rate of stimulation. But I think we have some reason to believe that this expression does not indicate the facts correctly enough and that the influence of high speed of endolymph acting during a short time upon the end-organ is higher than the influence of a high speed acting a short time. Therefore it might perhaps fit the facts better if we form the term V. /T as the rate of stimulation. This term would be similar to certain well-known laws of the electric stimulation of the nerve. I have put both terms into this table to give an idea of the differences of stimulation under different conditions. If you look through the table you find first the experiments of Dohlman in Sweden. Dohlman recorded with a photographic method the smallest deviations of the eyes which could not be observed directly. In the next two lines you find the results of the experiments of Mulder and Dodge. Mulder, as well as Dodge, did not observe the deviations of the eyes but the appearance of the smallest perceptible sensations of rotation. It is very interesting to see that the stimulation which is necessary to create such sensations is somewhat higher than the stimulation necessary to create the smallest deviations of the eyes observed by Dohlman. Furtber down you find the normal clinical test as described before, and you see that this stimulation is about 1,000 times higher than the stimulation which creates the first sensation of rotation. Then come the results of the experiments of Buys, who studied the rotatory acceleration when making voluntary movements with the head, for instance when looking suddenly from one side to the other. It is very interesting to see that such movements cause stimulations, which are about two or three times higher than those in the normal clinical teAts. Then are shown in our table the stimulations by the caloric test, which, as I have stated before, now for the first time can be compared with the stimulation by the rotatory test. You see that the finest reflexes, which have been produced by the caloric test (the " pulsion-reflexes" by Fischer and Veits) are connected with stimulations of about the same quantity, as the smallest rotatory stimulations of Dohlman and Mulder. The stimulations connected with an ordinary clinical test, as I have studied in my investigations of the temperature changes in the inner ear, have about the same quantity as the stimulation in the test of van Rossem.
In the next table ( fig. 24 ) I give the endolymph speed and its duration connected with rotation under different conditions. The first column of the table shows the time (Z) necessary to produce one rotation on the rotating platform. You see that this time in our table varies from 360 sec., which means a very, very slow rotation, to 0 6 sec. which means a very quick rotation. The next column gives the angular speed (roo) connected herewith in '/sec. In the headings of the following columns you find the angles in which our supposed turning table might be stopped. So for instance if you take the third column in the eighth line,1 you have the case when a turning table rotating with the ordinary speed of one revolution in 2 sec. might be stopped within an angle of 3 = 50; and then you find from our table that in such a case the endolymph speed according to the equation I have shown before attains the value of 70 10-3 cm./sec., and that this endolymph speed is working upon the cupula during the time T = 0 -055 sec. So it is possible to find in this table, for any given case of speed of the rotatory platform, and of slower or quicker stopping or starting of it, the endolymph speed and the time of stimulation connected with such an experiment. Now I have marked upon this table also the different experimental verifications of this ideal experiment. The area labelled "A" corresponds with the experiments of Dohlman, giving the threshold for the deviations of the eyes. The next area, " C" corresponds with the threshold for the sensation of rotation as observed by Mulder, Dodge, and van Rossem. The area marked " D " corresponds with the conditions of the ordinary clinical rotatory test. Now, as I have described before, it is possible to figure out and determine the speed of the endolymph, and its duration under given conditions on the caloric test. Therefore, it is possible to compare these caloric tests with the rotatory, that is to say, we can tell now, what experimental conditions upon the rotatory chair we must realize in order to get approximately the same conditions as under caloric stimulation. So the area marked " E " shows the endolymph movement connected with the pulsionreflexes of Fischer and Veits, and the area marked " F " the small caloric tests as investigated by myself. The white areas in this table are unexplored. I have also figured out approximately what stimulation of the end-organ in the semicircular canals might be expected under different conditions of ordinary life. So for instance in the area No. 1 you see the endolymph speed connected with the rolling of a ship in good weather. The table gives you now an indication of the conditions which must be employed to obtain with the turning chair approximately the same stimulation of the semicircular canals as you would have in a rolling ship. No. 5 gives another example, i.e., the stimulation of the semicircular canals when you are in a railway train which goes suddenly in a curve. No. 7 gives the stimulation which attacks the inner ear when you suddenly wheel round your head in looking from one side to the other. The most interesting result of this table is, that it gives an idea of the different movements of the endolymph connected with rotatory test and caloric test in different conditions in ordinary life.
Discussion.-Dr. DAN MCKENZIE said that with regard to the problems associated with the semicircular canals he found great difficulty in explaining all the rotation and caloric phenomena on physical grounds. His chief difficulty lay in the fact that the calibre of the semicircular canal was so minute. Earlier theorists talked of endolymph " flowing " round the canal with a lageing behind and a stoppage of the movement later on. They said that after the rotation had lasted a considerable time the endolymph in the canals became, as it were, " frozen together with the walls," and then the nystagmus stopped. That theory assumed the existence of a completely circular tube, round which the endolymph could circulate. But the vestibule formed part of the circle, and it was a comparatively large cavity, into which the fluid flowed, so that there could be even circulation round the tube. Physical explanations had to meet that fact. Therefore, one should not speak so much about the " circulation " of the fluid as about variations in its pressure in the ampulla. The end-organ of the semicircular canals was extraordinarily sensitive, and there were doubtless changes of pressure which would be incapable of physical proof. Hence a neurological aspect came into the question, the stimulation of a hyper-sensitive structure and its subsequent exhaustion. The question was thus more complicated than would appear on a mere physical view. There were three canals in the temporal bone, and in certain circumstances they were opposed to each other. One might be stimulated without the others sharing in it except in a trifling manner, so there was an interplay of hyper-stimulation and exhaustion. He had worked out the effects of stimulation and of exhaustion of the semicircular canal ampullary nerve-organ, and it was as easy to explain it from that point of view as physically. But in these cases it was, when all was said and done, difficult to be sure of the facts. In examining people, it was difficult to know definitely when nystagmus began and when it stopped. He had the feeling that in dealing with living people and tissues and functioning organs, all manner of subsidiary and secondary differences and interferences interposed themselves and so led to insecurity when attempting to find a basis for theories. Dr. Schmaltz's exposition, however, had been beautifully clear, even to a non-mathematical person like himself.
The PRESIDENT said that Members were indebted to Dr. Schmaltz, not only for the most careful preparation and the interesting contents of his paper, which must have entailed very considerable trouble and expense, but also for his consideration in delivering his lecture in such extraordinarily correct English.
Dr. Schmaltz's physical investigations seemed to confirm the efficiency of the clinical value of Kobrak's minimal caloric test. Dr. Schmaltz had suggested that the element of fatigue should perhaps also be taken into consideraiion, a point with which probably all Members would agree. On the other hand, Professor Quix, of Utrecht, had shown him (the President) an apparatus by which it was possible for continuous irrigation of the ear to be maintained for a long period-he understood for two or three hours-and that during this time a continuous effect could be demonstrated as represented by a continuous nystagmus.
(" Ein Apparat zur Untersuchung des Vestibularapparates," F. H. Quix, Utrecht; as described at the Twenty-first Meeting of the German Otologists in Hanover, May 1912).
He (the President) had been rather puzzled that Dohlman had found (as recorded in one of Dr. Schmaltz's illustrations) that the threshold for sensation of rotation was higher than the threshold for the objective nystagmus. He himself had always supposed that they appeared in the reverse order, and indeed the psychic element, he thought, must always be a factor in these phenomena, since it was common to find a complaint of dizziness in patients in whom no spontaneous nystagmus could be seen.
He would like to ask Dr. Schmaltz if he had any opinions to offer in connection with the reports of van Wulfften Palthe, who had investigated the sensations of a blindfold passenger in an aeroplane, with the result that under these circumstances the sense of position in space was apparently totally lost " Function of the deeper sensibility of the vestibular organs in flying," Acta Oto-Laryngologica, vol. iv, p. 415).
Dr. SCHMALTZ, in reply to the President, said he agreed that the psychic element entered into the problem too. As far as the stimulation of the labyrinth in an aeroplane was concerned the movements up and down had of course little to do with the stimulation of the canals, as such movements were perceived by the otoliths. If the machine were bending or inclining in taking a curve (sketch) the force acting upon the inner ear in relation to the axial direction of the pilot's body would remain the same, because the resultant force of the gravity and the centrifugal force were always in the sagittal direction of the aeroplane and the pilot sitting in it. A Dutch observer declared that if the aeroplane were flown in a fog, so that the correction by the eyes was lost, the pilot might even be flying upside-down without being aware of the fact.
Referring to another point made by the President, as to the threshold for the sensation of rotation being higher than that for objective nystagmus, that had puzzled the speaker also. But the figures of Dohlman referred to the very smallest deviations of the eye, a matter of an angle of a few minutes, the measurement of which could only be made photographically.
In reply to Dr. Mackenzie he agreed that these occurrences could not be explained purely on a physical basis, and he did not advance that contention: indeed, he had definitely made this statement in an early part of his address. Biological effects, in the central nervous system must also be taken into account. On the other hand, he felt very sure that the physical phenomena occurred in the way he had indicated. Exactly how far physical agency was responsible for these phenomena was another question.
As to the small calibre of the tube, in the older literature it was a subject of much discussion whether the fluid could flow in a tube of such a minute calibre. But, from experiments which had been made by means of glass canals of much smaller diameter than the human semicircular canals, he could positively say liquid would flow, and would obey the ordinary mechanical laws applicable to the movement of fluids in tubes (Law of Poiseuille). The flow of endolymph in response to the caloric test had been observed by Maier and Lion (in the clinic of Prof. Voss, Frankfurt), who opened the bony'canal of a pigeon and stimulated the labyrinth thermically, and, by means of the microscope, they saw the red cells in the endolymph moving along.12 With iegard to the part the utriculus
